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THE VARLEY BROTHERS: CROMWELL FLEETWOOD VARLEY AND 
SAMUEL ALFRED VARLEY. 


By Lieut.-Col. A. G. LEE, O.B.E., M.C., B.Sc., Member. 


(Discourse delivered before THE INSTITUTION om the occasion of the Varley Centenary Meeting, 5th May, 1932.) 


INTRODUCTION. 


It is generally recognized that considerable benefits 
are derived from the study of history, because it is 
said “ history repeats itself,” and we are supposed to 
learn from past events something which will guide us 
on the trackless plains of the future. Ordinary history, 
however, consists largely of records of war interspersed 
with periods of peace. The principal difference between 
these two is that one consists of ‘‘ battle, murder, and 
sudden death,” and the other is “ envy, hatred, and all 
uncharitableness.’?’ We can but hope that history of 
this sort will not repeat itself, and we can be certain that, 
in the future, events of scientific discovery and invention 
will be of greater importance in controlling the course 
of the world’s affairs. For this reason it is incumbent 
upon us to record these events and to set forth for future 
generations the progress of science and engineering. 

There is, however, one important difference between 
ordinary history and scientific history: historical events 
of the ordinary kind were, as a rule, personal to an 
individual or group of individuals; they could not have 
been performed with the same effect by anybody else. 
In scientific history on the other hand, a discovery, if 
it had not been made by one individual, would almost 
certainly have been made by another, for scientific 
discovery is the discovery of truth. 

We can, however, honour the men who make these 
discoveries and we can gain inspiration from their lives, 
their methods, their successes, and their failures. Only 
those who have attempted to do some pioneering work 
in science or engineering can realize the trials and 
tribulations of work on the frontiers of knowledge, and 
the devotion and energy which are necessary for tackling 
unsolved problems. 

The year 1932 is the one-hundredth anniversary of 
the birth of Samuel Alfred Varley, and when I was 
invited to prepare a short lecture on his life and work 
I suggested that it might be as well to include an account 
of his brother, Cromwell Fleetwood Varley. Both 
brothers did pioneer work in telegraphy at the same 
period, and between their efforts there was considerable 
confusion, both at the time and subsequently. So 
much was this the case that in a letter from S. A. Varley 
to the Electrical Review* in 1889, he refers to a paper 
read by him at the Society of Arts in 1859, “ which 
created some attention at the time, and which led to his 
brother being offered the post of electrical engineer to 
the Atlantic Telegraph Co, (the offer being accompanied 
with the assurance that he might name his own salary).”’ 

Some effort has been made to clear up the confusion 

* Electrical Review, 1889, vol. 25, p. 485. 


between the work of the two brothers, but if it has 
failed in any particular instance it is hoped that the 
error may be set down to the difficulty of settling ques- 
tions of authorship at this late date. 

The brothers belonged to a family which for several 
generations had been interested in scientific and artistic 
pursuits, and it may be desirable to sketch in briefly the 
background from which they sprang. Their father, 
Cornelius Varley (1781-1873), was trained in the labora- 
tory of his uncle, Samuel Varley, but he also became 
distinguished as a painter and was, with his brother 
John, one of the founders of the Water Colour Society. 
Cornelius was the son of Richard Varley, a man 
of some mechanical ability and considerable scien- 
tific attainments. The uncle of Cornelius, Samuel 
Varley, was a leading scientist of his day. He was 
interested in chemistry and other sciences, and as he 
required a large room for his experiments he took, in 
1794, the celebrated Hatton House which had the reputa- 
tion of being haunted. Here he carried on his work 
and with some friends founded a ‘‘ Chemical and Philo- 
sophical Society,” of which Josiah Wedgwood, among 
others, was a member. The members of this society 
afterwards formed the Royal Institution in 1800. Earl 
Stanhope, who was a patron of the Hatton House 
lectures, persuaded Samuel Varley to join him; the 
lectures thus came to an end and the Royal Institution 
sprang into existence. 

Cornelius was in his uncle’s workshop at the age of 
12, and at the age of 14 had made himself a microscope, 
for which he ground his own lenses. He was awarded 
the Gold Isis Medal of the Society of Arts for his lever 
microscope, and in 1851 gained a prize medal for his 
graphic telescope. He contributed a number of land- 
scapes to the Water Colour Society and exhibited up 
to 1859 at the Royal Academy. In 1821 Cornelius 
married Elizabeth Straker, a cousin of Miss Barnard, who 
became the wife of Michael Faraday. 

Cornelius was an extraordinary mixture of artist, 
mechanician, and scientist, being prominent in each 
direction. He delivered the fourth Friday-evening 
discourse at the Royal Institution in 1826, Faraday 
having delivered the first of these lectures. He was a 
prominent member of the Society of Arts, the Royal 
Microscopical Society, the British Association, the Water 
Colour Society, and the Royal Institution. 

The family are justly proud of their connection with 
Oliver Cromwell, through his daughter Bridget, who 
married General Fleetwood. The mother of Cornelius 
was a Miss Fleetwood, and the names Cromwell, Fleet- 
wood, and Ireton, are found sprinkled among the 
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generation of the present century. S. A. Varley was 
known in his family by the name Alfred and he was 
much inspired by the fact that the later years of his life 
were spent at Winchester, the city of Alfred the Great. 

Cornelius and his family were Sandemanians, and 
Cromwell and Alfred both attended the meeting-house 
about which we heard during the Faraday Celebrations, 
and which subsequently became the ‘‘ North” telephone 
exchange. The Varleys looked upon Faraday with 
reverence in his dual capacity of religious teacher and 
scientist. They were indeed fortunate in being so closely 
associated with him in their early years. 

The boys divided their playtime hours betwecn their 
father’s laboratory and his studio. Games of the 
ordinary sort were unknown to them, but they took 
great delight in experimenting with magnetism and other 
electrical phenomena, or grinding lenses for microscopes. 
The simple home life of the boys, with the inspiration 
they obtained from their father, prepared the way for 
their persistent, methodical, and patient work of later 
years. No distractions were allowed to interfere with 
their labours, and meditation became a habit. 

There is one other member of the family to whom 
reference should be made, John Varley (died 1842), 
already mentioned as one of the founders of the Water 
Colour Society. John was a particularly successful 
water-colour painter, earning, it is said, in his palmy 
days over £3000 a year. In addition to this success he 
was even more famous as an astrologer, and he is said 
to have cast a horoscope for his two nephews, Cromwell 
and Alfred, which ran somewhat as follows :— 

He predicted for Cromwell a speedy recognition by 
the world of his scientific attainments and that he 
would die rich. Alfred on the other hand would not be 
honoured until his old age. His career would synchro- 
nize in a wonderful way with the destinies of his country, 
and in the later part of his life England would be 
engaged in a great struggle from which she would either 
emerge victorious or go down for ever. 

As we now know, success came to Cromwell but not 
to Alfred. The latter fretted all his life through the 
neglect of his scientific contemporaries, and he only 
received scientific recognition when, in 1894, a move- 
ment was set on foot to obtain for him a Civil List 
pension. He lived until 1921, so that he saw England 
emerge victorious from the Great War. 

For those who believe in horoscopes this little history 
may seem something more than a mere coincidence. It 
is also interesting as an example of the workings of 
heredity, astrology in one generation cropping out as 
scientific attainment in the next. Samuel Varley, the 
uncle of Cornelius, practised astrology, as also did 
Cornelius until he joined the Sandemanian sect, after 
which he thought it wrong to attempt to forecast the 
future. It was probably the blending of strong imagina- 
tive tendencies with scientific training which made the 
subjects of this discourse devote their lives to invention 
and the improvement of science. 


CROMWELL FLEETWOOD VARLEY, F.R.S. (1828-1883). 


Cromwell Varley’s early training and the example of 
his father gave him a taste for experimental work, which 
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was destined to bear ample fruit in his later years. It 
is not surprising, therefore, that at school he found 
lessons irksome and that he took more interest in 
experimenting with such things as batteries than in 
performing the daily tasks. He was of good physique, 
and his skill in swimming enabled him to save the lives 
of five persons, for which he was presented with a 
testimonial by the Royal Humane Society. He was on 
board the steamer “ Cricket ” in 1847 when the boiler 
exploded. He was covered in an instant with steam and 
red-hot cinders, but without hesitation jumped over- 
board, sustaining no injury beyond spoiling a suit of 
clothes. 

In 1846 he entered the service of the Electric Telegraph 
Co., and two years later was appointed assistant to the 
superintendent of outdoor work. This was before the 
days of gutta-percha insulation, and Cromwell appears 
to have developed special abilities for locating the 
numerous faults and repairing the wires. This early 
experience was responsible for his devoting his attention 
to the science of testing, of which his construction of 
condensers, resistance coils, and the discovery of the 
famous loop test, were the outcome. 

The introduction in 1847 of gutta-percha-covered 
wires with their improved insulation gave Cromwell 
the opportunity of observing whether insulated wires 
could hold a static charge. With his brother Alfred he 
experimented with a 10-mile length of gutta-percha- 
covered wire, and concluded from these experiments 
that the condenser effect of the wires would offer serious 
obstacles to the transmission of signals over long dis- 
tances. These views were not accepted by the company, 
which proceeded to establish long underground circuits 
between London, Birmingham, Manchester, and Liver- 
pool. On the completion of these circuits the difficulties 
predicted by Cromwell were met with, and Faraday was 
called in to overcome them. Cromwell, however, had 
the honour of finding a solution in his so-called ‘‘ double- 
current ” system, in which a positive current to line 
was always succeeded by a negative current to counteract 
the charge on the wire. His first patent* covered the 
invention of a double-current key which earthed the line 
wire for a short interval between the application of the 
positive and negative currents. This system overcame 
all the difficulties. Cromwell was soon after appointed 
telegraphic engineer of the London district, and thence- 
forth became practically the electrical adviser to the 
company. 

In August 1850 the first submarine cable was laid 
between England and France. It lasted only a few 
hours, but in this time messages were exchanged, one 
being sent to Louis Napoleon Buonaparte. This led to 
a rapid development of submarine cables in various 
parts of the world, and eventually a project was formed 
for laying a cable across the Atlantic. In 1856 the 
Atlantic Telegraph Co. was founded with this object. 

It is difficult to realize at this date the almost insuper- 
able obstacles which these early pioneers had to face. 
Nothing was known of the stresses to which a cable was 
liable in paying out or picking up, the best methods of 
testing to ensure absence of faults, the possibilities of 
corrosion, or the risk of damage by sea-worms and by 

* Patent No. 371—1354. 
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chafing on rocks. 
bought. 

The first attempts at laying an Atlantic cable were 
made by H.M.S. “ Agamemnon ” and U.S.S. “ Niagara ” 
1n 1857 and 1858: owing to cable breakages these attempts 
were unsuccessful. On the 5th August, 1858, however, 
a cable was successfully laid and communication estab- 
lished. Although communication ceased on the Ist 
September, 732 messages had been exchanged in the 
meantime, thus proving the possibilities of the system. 
Before the cable broke down, the British Government 
had time to countermand the departure of the 62nd and 
the 39th Regiments, which were about to leave Canada for 
England, thereby saving about £50000. This circum- 
stance called popular attention to the advantages to be 
derived from telegraphic communication between distant 
lands. 

The cause of the interruption was never precisely 
ascertained. Blame has sometimes been attached to 
the electricians for using induction coils 5 ft. in length 
to apply currents to the cable. Whatever the cause, 
Cromwell Varley, who had assisted in the investigation 
of the defects, became electrician to the company in 
succession to Mr. Whitehouse. In 1860 several attempts 
were made to raise the cable, but these were abandoned 
owing to the bad condition of the sheathing wires. The 
failures of the Atlantic Telegraph Co. and the Red Sea 
and India Telegraph Co. led the Government to appoint 
a committce in 1859 to investigate the whole question 
of submarine telegraphy. Half a million of money had 
been sunk in the Atlantic, and public confidence in the 
practicability of submarine telegraphy had been shaken. 

The report of the committee (on which Cromwell 
represented the Atlantic Telegraph Co.) stated that the 
failures of the submarine cables were due to causes which 
could have been foreseen and recommended the condi- 
tions to be observed in the specification, manufacture, 
laying, and maintenance of cables. The report was 
published as a Parliamentary Blue-book. Sir Charles 
Bright, in his presidential address* to the Society of 
Telegraph Engineers, referred to this report as “ the 
most valuable collection of facts, warnings, and evidence, 
which has ever been compiled concerning submarine 
cables.” 

By 1865 a considerable amount of fresh information 
on cable-laying was available. The Admiralty had sent 
expeditions to explore the Atlantıc bottom, and the 
engineering problems involved in the construction and 
laying of cables had been the subject of continual 
research and study. Capital was obtained with some 
difficulty, but eventually all was ready for a fresh effort. 
On the 23rd July, 1865, the S.S. “ Great Eastern ” 
(22 500 tons) with Captain Sir James Anderson in 
command, Mr. Canning as engineer, and Mr. De Sauty, 
Sir William Thomson, and Cromwell Varley, as elec- 
tricians, began paying out cable from Valentia towards 
America at a speed of 6 knots. Trouble soon arose, the 
first fault being experienced after 84 miles had been 
paid out. It was decided to pick up back to the fault, 
which was found to have been caused by a piece of iron 
wire which had pierced the cable. On the 29th July, 
after 716 miles had been paid out, another fault—caused 

* Journal I.E.E., 1887, vol. 16, p. 32. 
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by the same kind of defect as the first—was encountered. 
A third fault occurred at 1 186 miles: this time the cable 
had to be picked up in a depth of 2000 fathoms, and 
1 mile only had been recovered when an accident hap- 
pened to the picking-up gear. The great ship, having 
stopped, was at the mercy of the wind and waves, and 
the cable was subjected to considerable stresses. Before 
the faulty portion could be secured on board, the cable 
parted and sank. An endeavour was made to pick it 
up by means of a grapnel, but although the cable was 
hooked a number of times the rope gave way on each 
occasion, and eventually the stock of grappling rope 
on board was used up. As a result the expedition had 
to give up hope and return to port. 

To overcome financial difficulties the Atlantic Tele- 
graph Co. now became amalgamated with the Anglo- 
American Telegraph Co., which was formed for the 
purpose of raising fresh capital for the next venture. 
On the 30th June, 1866, the ‘‘ Great Eastern ” sailed 
from the Thames for a further attempt to span the 
Atlantic. This time Cromwell Varley remained at 
Valentia as electrician. On the 13th July the ship 
commenced paying out the cable and with only a few 
minor accidents she arrived off Heart’s Content, New- 
foundland, 14 days later, bringing the expedition to a 
successful conclusion. 

The “ Great Eastern ” sailed again on the 9th August 
to pick up the 1865 cable, the end of which lay about 
600 miles from Newfoundland. After several weeks 
of failures, during which the store of grappling ropes 
steadily diminished, the cable was hauled aboard. 
Tests showed the cable to be sound, and immediately 
afterwards, in response to the ship’s call, a reply was 
received from Valentia. The recovered end was spliced 
and the ship paid out anew towards Newfoundland, 
completing the laying on the 8th September. 

Never before in the history of science had there been 
a like example of patient and persistent endeavour in 
the overcoming of such enormous difficulties, and these 
early pioneers set an example of courage and resource 
which has been a shining light to those who have 
followed them. 

Sir William Thomson and Cromwell Varley entered 
into partnership at this stage as consulting engineers. 
They were jomed later by Fleeming Jenkin, and the 
cable was worked under the patents of Thomson, Varley, 
and Jenkin. 

It has already been mentioned that Cromwell devoted 
a good deal of attention to the science of exact measure- 
ment, and he was one of the earliest workers in this 
field. He constructed condensers and resistances, and 
in one of his early patents on this subject he refers to 
his units of resistance as ‘‘ Varley ” units, in the absence 
of any agreed name. In 1861 the British Association, at 
the instance of Sir Charles Bright and Latimer Clark, 
formed a committee with the object of determining a 
rational system of electrical units. Cromwell served on 
this committee, which in 1863 determined the value 
of the ohm. The Telegraphic Journal* of 1864 gave a 
list of 11 different kinds of resistance units which were 
in current use at that time. Varley’s unit was equivalent 
to the resistance of a particular piece of copper wire 


* Telegraphic Journal, 1864, vol. 1, p. 208. 
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«e inch in diameter and 1 mile in length. Later, in 
1881, the first International Electrical Conference was 
held in Paris, and Cromwell Varley took part in the 
deliberations. This and later conferences in 1882 and 
1883 determined upon the adoption of an international 
system of units based on the C.G.S. system, and prac- 
tically identical with that which had been in use in 
England. 

The famous Varley loop test was patented by C. J. 
and Cromwell Varley in 1859. As originally devised it 
employed a differential galvanometer in place of the 
Wheatstone bridge which is now used, but the principle 
of putting the fault at one of the points of balance and 
thus eliminating the effect of earth polarization was the 
essential and valuable part of the invention. A Varley 
testing set was still in use in 1899 at Mallow, Ireland, 
at the testing point of the Western Union circuits to 
America, and another was still in place at Limerick up 
to a few years ago. The Varley slide resistance was 
another of Cromwell’s inventions: in it a derived or 
potentiometer circuit was placed across two coils and 
a tapping point on the shunt circuit allowed a finer 
subdivision to be obtained. This invention has played 
a prominent part in submarine cable testing. 

In 1867 Cromwell was asked to report on the 
condition of the lincs of the Western Union Co. of 
America. A copy of this report, engrossed in a beautiful 
and rather unusual style by the late Mr. J. D. Reid, is 
still in the possession of the company. The report 
bears the signature Cromwell Fleetwood Varley, and 
contains various appendices, tests, and suggestions. 

Cromwell’s activities in telegraph and other sciences 
covered a very wide field. He devised in 1861 a 
double-shed insulator for telegraph wires, with a view 
to obtaining better insulation in wet weather. He 
invented a galvanometer with a coil as the moving 
element, the coil being mounted with hairspring connec- 
‘tions. The relay which bears his name, patented in 
1856, utilized the principle of an armature magnetized 
from an external magnet, which had been introduced by 
Siemens ın 1851. This type of relay is still employed in 
telegraphic work. Cromwell designed one of the first 
telegraph repeater systems, and his “ mill’’ repeater, 
in which a small windmill was introduced to provide a 
delay action, was installed in 1856 at Amsterdam for 
the purpose of converting from his double-current 
system to the Continental single-current system. He 
invented a vacuum lightning protector, which was 
patented in 1861 and is now on exhibition at the Science 
Museum, South Kensington. He patented a static 
electricity machine, but this was superseded by the 
invention of the dynamo. In 1862 he patented the use 
of an artificial line in submarine cable work, basing 
his system on that described by his brother Alfred in 
1859 before the Society of Arts. Cromwell’s apparatus 
was demonstrated to the Royal Institution in 1867, but 
was only used for the purpose of testing the terminal 
apparatus of submarine cables, and when the invention 
of duplex was applied to submarine cables by Stearn 
in 1873 the Varley artificial line was used for the purpose 
of balancing the cable. In 1870 Cromwell invented the 
““cymaphen,’”’ a kind of harmonic telegraph in which 
tuning forks were used as the sending elements and 


vibrating wires, excited electromagnetically, as the 
receiving units. The cymaphen instruments used in his 
experiments at Fleetwood House, Beckenham, were 
described as “ humming away like bumble bees possessed 
of deep rich bass voices.” 

Besides his inventions in connection with telegraphy 
Cromwell evolved an electrical method for locating 
metallic masses in the earth, and invented a coupling 
for repairing broken propeller shafts on ships, at that 
time a source of much danger and delay. Another of 
his inventions was the ‘‘ chronopher,” an appliance for 
sending out time signals on wires to various parts of the 
country. A modernized form of this system is still in 
use at the General Post Office. His activities also 
extended to the transmission of messages by pneumatic 
tubes, for the initiation of which Latimer Clark was 
largely responsible. Cromwell improved the system and 
laid pneumatic tubes in various towns, notably Liverpool 
—between Castle-street, the Royal Exchange, and 
Water-street. 

Cromwell has been described as having been possessed 
in a large degree of that power of taking infinite pains 
which has been described as genius. He was a skilful 
designer and also had a gift for turning to practical 
account scientific ideas. He had a very clear perception 
of the essentials of a problem and the way in which it 
should be solved, and this, combined with almost 
volcanic energy, enabled him to bear down opposition 
and bring a project to realization. The success which 
attended his efforts was due in large measure to his 
personality, but the combination in him of inventive 
and business faculties was sufficiently unusual to be 
remarkable. 

On the transfer of the telegraphs to the Government 
in 1870, Cromwell did not pass into State service but 
remained on consulting work. 

Sir William Thomson, writing to the Electrical Review* 
about Cromwell Varley, said “ I well remember when I 
first made his acquaintance at Valentia in the autumn 
of 1858, when he was sent by my brother directors to 
co-operate with me in examining the cause of the failure 
of the cable after its short-lived success. I had been 
extemporizing resistance to measure the insulation 
resistance of the cable. He came with a box of resistance 
coils ready made—a thing not then generally known— 
quite unknown, I might almost say, amongst English 
practical electricians. ... I look back with great pleasure 
and satisfaction to all my intercourse with Cromwell 
Varley, as a friend, during the eight years of work 
ashore and afloat for realizing Transatlantic telegraphy, 
in which both of us had the privilege of taking part.” 

Cromwell contributed a large number of papers to 
scientific gatherings, the Royal Society (of which he was 
elected a Fellow), the Royal Institution, the Institution 
of Civil Engineers, the Society of Arts, etc., and con- 
stantly took part in discussions. The Proceedings of 
the Royal Society for 1871 contain two interesting papers 
by him.t One describes experiments on the production 
of a luminous arch in an exhausted tube by placing the 
tube between the poles of an electromagnet. He states 
that, in his opinion, the arch is composed of attenuated 


* Electrical Review, 1883, vol. 18, p. 2 
t Proceedings of the Royal Soctety of ibe: 1871, vol. 19, p. 236. 
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particles of matter projected from the negative pole by 
electricity, in all directions, but that the magnet controls 
their course. The other paper* deals with the polariza- 
tion of metallic surfaces in water, and states that 
platinum plates immersed in a dilute solution of sulphuric 
acid have enormous electrostatic capacities, provided 
the e.m.f. is less than 1-7 times that of the Daniell cell. 
He deduced from this that the fluid is separated from 
the plate by a film of gas less than 10-9 inch thick. 

In those pioneer days in the field of science, workers 
and thinkers came to the front, and telegraph progress 
during the constructive period up to the successful 
bridging of the Atlantic in 1866 was largely the history 
of the Varley brothers. 


SAMUEL ALFRED VARLEY (1832-1921). 


Alfred Varley received his very early education from 
his father, and it was not until he had reached the age 
of eight that he was sent to St. Saviour’s Grammar 
School, Southwark, where he remained until his 14th 
year. He acquitted himself fairly well as a classical 
scholar, but magnetism, chemistry, and electricity, 
claimed from him greater attention than his school 
books. After being kept back a long time in the first 
form he became convinced that he was being forced to 
remain there intentionally; one day, therefore, he 
attended the second form, and his resolute manner so 
carried the day that he was allowed to remain. Those 
were the days when a boy had to fight his way through 
school, and although Alfred was of a retiring and 
thoughtful disposition he possessed a good physique 
and was highly successful as a pugilist. Even at this 
date he reduced pugilism to a science, the axioms of 
which were: “ Hit your opponent in the face. If he 
hits you do not take any notice of it, but go on hitting 
him in the face as often as you can.” He became a 
leader of the rougher games, the best high jumper, the 
fastest long-distance runner, and the best all-round 
athlete in the school. 

On leaving school he at once took up scientific research 
work. Between 1846 and 1849 he made several hundred 
Grove cells for his brother Cromwell’s electric light 
experiments. Most of us who know what a messy job 
it is to set up and refresh primary batteries will realize 
that these efforts helped to turn his thoughts to magnetic 
machines as a source of energy. As the magneto 
machines of that period gave very indifferent results 
Alfred set to work to improve them. At the age of 17 
he commenced the construction of a machine the field 
magnets of which were to consist of bundles of magnetized 
steel wires, the revolving armature being made of 
laminated iron with the coils wound round the middle. 
His efforts met with little appreciation, and as he 
possessed no proper engineering tools he discontinued 
his attempts. 

In 1852, at the age of 20, he entered the Manchester 
workshops of the Electric Telegraph Co., which had 
been incorporated 6 years previously. In 1854 he was 
made engineer in charge of the Liverpool district of the 
company. Much of the work was new, and there was 
no previous experience to guide the telegraph engineer 
of that period. Of engineering training in the sense in 


* Procecdings of the Royal Society of London, 1871, vol. 19, p. 243. 


which we now know it, there was none. The man on 
the spot had to deal with the faults which occurred, and 
this frequently meant developing new ideas and new 
methods to meet the needs of the moment. The time 
balls worked from Greenwich may be mentioned as an 
example of this. The first long-distance time ball was 
erected at Liverpool, and Alfred was called upon to 
correct its deficiencies. In this connection he designed 
an electric chronograph, probably the first of its kind, 
for measuring both the loss of time in the apparatus and 
the time occupied by the signal in travelling by wire 
from London. The apparatus which released the ball 
was so arranged that it sent a signal back to London 
when it had operated. Alfred found the interval of time 
between signalling from Greenwich and the dropping 
of the time ball to be 44 sec., yẹ sec. being taken up in 
the passage of the signal from London to Liverpool and 
a‘; sec. in the apparatus at London and Liverpool. The 
experience gained on this work enabled him some years 
later to construct apparatus for use in India, China, 
and elsewhere. He effected considerable improvements 
in the relay apparatus for working the time ball, which 
were described in a paper in the Telegraph Journal and 
Electrical Review.* The weight of a time ball 6 ft. in 
diameter is not inconsiderable: this has to be released 
by an electromagnetic device, which in turn must be 
worked by the small telegraphic currents sent over the 


line wire. His solution of this problem was based upon 
compound-lever arrangements with a roller to avoid 
friction. 


At the outbreak of the Crimean War, Col. Wylde, a 
retired officer of the Royal Artillery, was deputy chairman 
of the Electric Telegraph Co. At his suggestion the 
company offered its services to the Government for the 
purpose of laying and operating field telegraphs in the 
Crimea, and the offer was accepted. The equipment was 
designed by Latimer Clark, who was at that time 
engineer-in-chief to the company, Cromwell Varley being 
his assistant. It thus happened that Alfred was sent 
out to the Crimea as superintendent of the first field 
telegraphs ever used in warfare. He was present at the 
battle of Tchernaya and the evacuation of Sebastopol. 
In a letter from Therapia dated December 1855 he gives 
an interesting account of the dispositions of the field 
telegraphs, and states that the number of messages 
forwarded from headquarters averaged 15 to 20 per 
day and that the number received was about the same 
but some of them were very long and verbose. Gutta- 
percha-covered wires, buried just under the surface of 
the ground and therefore subject to numerous breakages, 
were employed, in conjunction with single-needle 
apparatus. Alfred recommended, however, that in 
future expeditions Morse instruments should be used 
on account of their greater reliability. After leaving 
the Crimea he was put in charge of the Varna-Constanti- 
nople cable, then the longest length of submarine cable 
ever laid. 

On his return to this country he found telegraph 
engineers discussing various points in the design of 
submarine cables; it was generally thought that a higher 
speed of signalling would be possible on cables with 
small conductors than on those with large. Alfred read 


* Electrical Review, 1880, vol. 8, p. 207. 
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papers before the Institution of Civil Engineers* in 
1858 and the Society of Artst in 1859 opposing the 
views which had been arrived at by the scientific advisers 
of the Atlantic Telegraph Co. Discovering that Faraday 
had given an explanation of the action of small con- 
ductors which upheld the views of the advisers of the 
company, Alfred sent him a copy of his paper. In 
reply, Faraday endorsed his views in a kind and flatter- 
ing manner, adding that Alfred was well able to hold 
his own in electrical controversy. 

The paper read before the Society of Arts defined the 
propagation conditions on long submarine cables and 
gave an account of an artificial cable line, consisting of 
condensers and resistances, which simulated the propaga- 
tion conditions of a submarine cable. These artificial 
lines subsequently came into use for duplexing submarine 
cables, and they are still employed for this purpose. 
When preparing his Society of Arts paper he used to 
retire to his study and sit deep in thought for hours. 
For weeks beforehand he committed what was to him 
the extravagance of riding in cabs when travelling on 
business, so as to be able to ponder over his problems 
undisturbed. He did not finally commit his ideas to 
paper until the day before the meeting. 

In 1866 he designed an improvement on the needle 
telegraph in which the magnetic needles were replaced 
by needles of soft iron rendered magnetic by induction 
from a permanent magnet. These needles were not 
liable to demagnetization by lightning, the great defect 
of the Wheatstone apparatus. The principle seems to 
have been covered by Cromwell in 1856, but he appa- 
rently did not construct the apparatus. Alfred also 
fitted the induced-needle galvanometer with continu- 
ously-moving contacts (the first of their type) and 
used it asarelay. One element of the contact consisted 
of a gold roller which was rotated continuously by 
clockwork, and the rubbing contact made by it with the 
other element eliminated sticking. 

He took out a number of patents for train inter- 
communication by electrical means, and although his 
system was fitted both on the train in which Queen 
Victoria travelled to the North and on the trains of the 
London and North-Western Railway Co., it was not 
adopted generally. The last patent taken out by him 
in connection with this matter is dated 1885. He read 
a paper on the subject before the Society of Engineers{ 
in 1873. 

In 1859 he re-entered the service of the Electric and 
International Telegraph Co. as engineer of the London 
district. Two years later, however, he resigned this 


appointment in order to take over the management of © 


a telegraph-manufacturing business inherited by his 
father, who was at that time over 80 years of age. Some 
of the patents taken out about this time bear the joint 
names of Cornelius and Samuel Alfred Varley, although 
from the age of his father it may be inferred that Alfred 
was the real inventor. This business finally failed after 
the Government had taken over the telegraphs in 1870, 
as the change meant that there was no longer sufficent 
work to keep the factory going. 

In 1866 Alfred was able to complete some of the 


* Proceedings of the Institution of Civil Enameers, 1858, vol. 17, p. 368. 
t Journal of the Society of Arts, 1859, vol. 7, pp. 302, 314, 329. 
t Transactions of the Society of Engineers, 1873, p. 162. 
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inventions on which he had been occupied for a consider- 
able time. The needle telegraph, to which reference 
has already been made, was taken up and had a successful 
career. To this he added a lightning protector, named 
by him the “lightning bridge,’’ which consisted of two 
electrodes immersed in carbon particles or a mixture of 
carbon and insulating powder. He found that such a 
mixture became conducting when a high voltage was 
applied to it, but was comparatively non-conducting to 
low voltages. This phenomenon was described in a 
paper* before the British Association in 1870. Alfred 
thus discovered the properties of the coherer, but it was 
left to others to re-invent and make use of the device 
in wireless telegraphy. 

The greatest invention he made about this time was 
the self-exciting dynamo, on which he was to have read 
a paper at the Nottingham meeting of the British 
Association in 1866. He was, however, called upon to 
install his system of intercommunication on the train 
in which Queen Victoria was about to proceed to the 
North, and in consequence he did not arrive at Notting- 
ham until the eve of the last day of the meeting. 
Although he was unable to present his paper, he men- 
tioned the matter to Prof. Harley and Mr. Russell, 
and the latter advised him to describe the invention 
before the Royal Society as soon as possible. Had he 
done so his claims as the inventor of the dynamo would 
not have been questioned. His neglect of the advice, 
however, allowed Dr. Werner Siemens to be first in the 
matter of publication, for he read a paper before the 
Berlin Academy of Sciences in December of that year 
describing a dynamo. Sir Charles Wheatstone also 
invented a dynamo which, together with the Siemens 
dynamo, was describedt to the Royal Society in 
February 1867. Alfred completed his machine in 
August or September 1866, a fact which was proved by 
the testimony of his friends to whom he had exhibited 
it. He took out a patent for his machine in December 
1866, but allowed it to lapse. A second application in 
June 1867 was, however, granted. A considerable 
amount of controversy arose in later years as to who was 
the first inventor of the dynamo; but it may be taken 
that the question was decided in his favour, for in 1885 
he was awarded the Gold Medal at the International 
Inventions Exhibition for ‘“‘devising the first self- 
exciting dynamo machine.” 

The dynamo, thus started on its course, proved to be 
full of possibilities for the electrical industry, and Alfred 
worked unremittingly at the problem of improving it. 
Ten years after his discovery of the dynamo principle 
the idea of regulation came to him, and the result was 
the invention of the compound-wound machine in 1876. 
Unfortunately he allowed this patent to lapse in 1878. 

The compound-wound machine was later the subject 
of a long-drawn-out legal fight in which Alfred cham- 
pioned the cause of the electrical industry against the 
claims of the Anglo-American Brush Corporation. Mr. 
Brush had been granted a patent for a compound-wound 
dynamo in 1878, and on this ground his company tried 
to suppress its competitors in the industry. Alfred 


* S A. VarLEY: “The Mote of Action of Lightning on Telegraphs, and a 
New Method of Constructing Telegraph-cous,’? Report of the Brsttsh Association 
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endeavoured to arouse the interest of the industry by 
writing a series of articles in the Electrical Review.* 
Messrs. King, Brown, and Co., of Edinburgh, decided 
to oppose the Brush Corporation and the case was 
fought out in the Court of Session, Edinburgh, in 
November 1888, when judgment was given in favour 
of Varley’s precedence in the invention of the compound- 
wound machine, the Brush patent being declared invalid. 
The case was then carried to the House of Lords, which 
in 1892 also decided in favour of Varley’s patent. 

Such was the contribution to the world of a man who 
worked all his life unweariedly at science, and whose 
efforts failed to realize any material reward. Far-sighted 
as he was in the application of science, he was unversed 
in business affairs. Thus he neglected to renew the 
patent for his dynamo and therefore failed to secure the 
financial reward which would necessarily have come to 
him. Mismanagement of business matters was his 
failing throughout his career, and he struggled on for 
a long period under conditions of poverty. 

The failure of his factory in 1873, and other business 
worries, caused his health to suffer and enforced a long 
absence from scientific gatherings. This, no doubt, 
was one of the factors which led to the neglect of his 
work by his scientific contemporaries, who did not know 
him and who frequently confused his work with that of 
his brother Cromwell. In 1894, however, engineers and 
scientists, who up to that time had only grudgingly 
admitted his scientific attainments, secured for him a 
Civil List pension of £50; this was increased to £100 in 
1896. It is pleasing to record that many of those who 
had opposed him earlier, rallied to his assistance in this 
matter. His life was to a large extent embittered by 
his failure to secure recognition by his brother-scientists, 
but even this late acknowledgment must have been 
a considerable solace to him in his retiring years. 


THE INSTITUTION. 


Our Institution was founded in 1871, with Sir William 
Siemens as its first President, under the name of the 
Society of Telegraph Engineers. Among the 71 Founder 
Members were four representatives of the Varley family 
—Cromwell (Member of Council), Frederick, Samuel 
Alfred, and Octavius. At the opening meeting, on the 
28th February, 1872, Cromwell Varley saidt “ This 
society, I assume, will gradually, by natural selection, 
develop more into an electrical society than into a society 


* Electrical Review, 1887, vol. 21, pp. 583, 613, 630, 655. 
+ Journal IEE, i872 , Vol. 1, p. "34, 


of telegraphy proper; and the moment it is understood 
that all papers on electricity, or bearing directly upon 
the development of electrical science, are admitted, it at 
once takes the science out of the narrow groove into 
which it seemed to be drifting, into the most extensive 
of all grooves, because it will be found ultimately to 
embrace every operation in nature.” He has proved to 
be a prophet with a wide insight into the scientific and 
practical possibilities of electricity, and the march of 
events bears testimony to the wisdom of his prophecy. 

Cromwell and Alfred both played a part in the up- 
building of the structure of electrical engineering, and 
the name of Varley will always be associated with the 
foundation stones of the edifice. 


The author wishes to acknowledge his indebtedness to 
those who have kindly assisted in providing him with 
information as to the activities of the Varley brothers. 
In this connection he would particularly mention the 
Rev. Telford Varley and Mr. Percy Varley, sons of 
Alfred Varley. The Science Museum, the executors of 
S. A. Varley, Mr. Willoughby Smith, Mr. R. S. Whipple, 
and the Post Office, have provided the apparatus 
exhibited. The author is also indebted to the Electrical 
Review, which championed the cause of Alfred Varley, 
and to Sir Charles Bright’s book on ‘‘ Submarine Tele- 
graphy,” for much of the information contained in this 
discourse. 


REFERENCES. 
Telegraphic Journal, 1864, vol. 1, p. 208; tbid., 1883, 
vol. 13, p. 203. 
Telegraphic Journal and Electrical Review, 1880, vol. 8, 
p. 208. 


Electrical Review, 1889, vol. 25, p. 485; ibid., 1892, 
vol. 31, p. 313; ibid., 1902, vol. 51, p. 602; ibid., 1921, 
vol. 89, p. 221; ibid., 1922, vol. 90, p. 217. 

Electrician, 1883, vol. 11, p. 397. 

Proceedings of the Institution of Civil Engineers, 1857-8, 
vol. 17, p. 368. 

Journal of the Society of Aris, 1859, vol. 7, pp. 302, 

314, 329. 

Proceedings of the Royal Society, 1871, vol. 19, p. 239. 

Journal I.E.E., 1902, vol. 31, p. 1060. 

R. S. CuLLEY: “Practical Telegraphy”’ (published 1871). 

Sir CHARLES BRIGHT: “Submarine Telegraphy’’ (pub- 
lished 1898). 

W. H. Russet: “The Atlantic Telegraph ” (published 
1865). 


